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This document is a brief review of some of the most relevant searches for Supersymmetry carried 
out at the Tevatron and the LHC collider experiments, until the end of August 2011. Different final 
states covering _R-parity conserving and violating scenarios have been scrutinized and no significant 
deviation from the Standard Model has been observed. As a result, new limits on the Supersymmetry 
parameter space have been established. 



I. INTRODUCTION 

Supersymmetry (SUSY) is one of the most com- 
pelling theories for physics beyond the Standard 
Model (SM) [Tj. It predicts a new symmetry between 
bosons and fermions such that for every SM particle, 
a superpartner should exist with a spin value differing 
by one half unit. This hypothesis has strong theo- 
retical and experimental implications. On the theory 
side, it naturally solves the hierarchy problem [5], a 
divergent value of the Higgs mass when considering 
radiative corrections and the SM valid up until the 
Planck scale. In addition, SUSY makes the unification 
of forces at a Grand Unification Scale (GUT) [5] possi- 
ble. On the experimental side, the existence of several 
new particles, including a dark matter candidate un- 
der certain conditions, are predicted. If no particular 
fine tuning is introduced in the theory, these particles 
should be light enough to be produced at the current 
hadron colliders. 

Since the mechanism that breaks SUSY is unknown, 
more than 100 new parameters are introduced in the 
Minimal Supersymmetric extension of the Standard 
Model (MSSM) to induce a soft breaking of the sym- 
metry j4]. To reduce them to a more manageable 
set, different approaches are typically considered. The 
so-called "top-down" approach, makes some assump- 
tions at the GUT scale and via renormalization group 
equations the phenomenology at the electroweak scale 
is predicted. CMSSM [F or GMSB ^B^ are among 
the models most commonly used in this context. Al- 
ternatively, one can follow a "bottom-up" approach 
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in which different phenomenological assumptions are 
made at the electroweak scale to simplify the number 
of particles expected and their relationships. Finally, 
limits can also be given generically as the product of 
cross section, efficiency and acceptance {a ■ e ■ A). In 
this case, it is worth mentioning that this value is pro- 
vided as an upper limit on the effective cross section 
given the luminosity and the number of expected and 
observed events, without any attempt of correcting for 
the experimental constraints. 

The Tevatron and the LHC hadron colliders are ac- 
tively looking for signs of SUSY and, in their absence, 
constraining further the SUSY parameter space be- 
yond the LEP legacy [7]. Two multipurpose exper- 
iments are collecting data at each of the colliders: 
ATLAS and CMS at the LHC and CDF and D0 at 
the Tevatron. The LHC, being a proton-proton col- 
lider currently operating at a center-of-mass energy of 
7 TeV, is particularly sensitive to colored SUSY par- 
ticles such as squarks and gluinos (the superpartners 
of the quarks and gluons, respectively), even with rel- 
atively low luminosity. The Tevatron, with a center- 
of-mass energy of 1.96 TeV, was the first machine es- 
tablishing limits beyond LEP constraints in pair pro- 
duction of SUSY particles. Nowadays, it profits from 
the large dataset of proton-antiproton collisions to 
search for non-colored SUSY particles and direct pro- 
duction of third generation squarks, establishing the 
most stringent limits up to date on these processes. 

The SUSY searches are generically classified in R- 
parity conserving (RPC) or violating (RPV) analy- 
ses. i?-parity [B] is a symmetry postulated to avoid 
some leptonic and baryonic number violating terms 
appearing in the SUSY superpotential. If i?-parity is 
conserved, SUSY particles will always be produced in 
pairs and will decay in cascade until the Lightest Su- 
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persymmetric Particle (LSP) is produced. This parti- 
cle is stable and constitutes a dark matter candidate, 
which will escape detection producing a characteristic 
signature of large momentum imbalance in the trans- 
verse plane (E^^^^). On the contrary, RPV signatures 
are mostly characterized by the possibility of produc- 
ing mass resonances from the decay of SUSY particles 
fully into SM particles. 

A comprehensive overview of all the different 
searches carried out at the Tevatron and the LHC ex- 
periments is out of the scope of this document. The 
reader is referred to the dedicated pages of the experi- 
ments for further information [9^ . The rest of the doc- 
ument briefly describes the techniques and results of 
the different RPC and RPV searches carried out at the 
experiments at the Tevatron and the LHC colliders. 
Other more exotic scenarios, such as displaced ver- 
tices or R-hadrons, and results from indirect searches, 
in which experiments look for deviations of rare SM 
processes to constrain the SUSY parameter space, are 
not considered in this document. 



II. RPC ANALYSES 

The most general signature of RPC processes is the 
presence of large E^^^^. In addition, SUSY cascade 
decays from the initial particles can be long or short 
and can include different number and flavor of lep- 
tons^ and jets. This rich phenomenology is used by 
the experiments to define dedicated searches and con- 
trol different type of backgrounds. 

A. Searches without Leptons 

The strong production of SUSY particles typically 
involves a relatively large number of jets and E^^^^. 
This is one of the most characteristic signatures in 
SUSY models and this is why searches without lep- 
tons are the most sensitive to a large variety of sce- 
narios. By vetoing leptons, the SM backgrounds are 
dominated by QCD multijet processes that have ex- 
tremely large cross sections but a very small e • A 
when requiring large E^^^^. This situation is very dif- 
ficult to model with Monte Carlo (MC) simulations 
and different data-driven strategies are needed. Other 
important backgrounds are tt, W+}et and Z+^et in 
which the Z decays invisibly, constituting an irre- 
ducible background. 

ATLAS carried out a search [IDl with 1.04 fb"^ of 
integrated luminosity using the TOcff quantity, defined 
as the scalar sum of the pT of the jets and the E^^^^. 



Throughout this document, hadronically-decaying taus are 
considered as jets unless otherwise stated 



In order to maximize the sensitivity of the analy- 
sis to a variety of models, five different signal re- 
gions are defined requiring different jet inclusive mul- 
tiplicities (from > 2 to > 4, with a leading jet of 
Pt > 130 GeV and subleading jets of pr > 40 GeV), 
^miss ^ GeV and different Woff thresholds rang- 
ing from 500 to 1100 GeV. Event selections reduce 
the QCD multijet contribution by requiring large 
^miss relative to the hadronic activity and that no 
jet is aligned in the azimuthal plane with the E^^^^. 
For each signal region, five control regions enhancing 
different backgrounds are defined. The QCD multi- 
jet background is estimated using a completely data- 
driven technique, which consists in the generation of 
pseudo-events following a smearing of the jets accord- 
ing to their response function, as derived in a low 
E^^^^ significance region. This estimation is normal- 
ized appropriately in a region where at least one of the 
jets is aligned with the E^^^^. The rest of the back- 
grounds are estimated using MC or data-driven ap- 
proaches in the control regions and then a MC-driven 
transfer function is used to estimate the contribution 
in the signal region. A global likelihood fit combines 
all this information and takes into account the corre- 
lation between the uncertainties. No significant de- 
viations from SM expectations are found and some 
limits are derived. Figure [l] show the 95% CL limits 
in a model with simplified phenomenology, in which 
all SUSY particles except for squarks of the first and 
second generation and gluinos are set to the 5 TeV 
range. In this way, the SUSY colored particles pro- 
duced are forced to decay directly to the LSP, which 
is considered massless. These results significantly ex- 
tend previous limits and are valid up to an LSP mass 
of 200 GeV. 

A search aiming at large jet multiplicities was also 
carried out by ATLAS with 1.34 fb"^ [11 . In this 
case, signal regions are defined by six, seven or eight 
jets with Pt ranging 55 to 80 GeV. The main back- 
ground contribution is from QCD multijet production, 
which is controlled by using the fact that E^^^^/y/Hr 
(with Ht being the scalar sum of the jets) is in- 
variant under jet multiplicities. This assumption was 
validated in many different control regions. The rest 
of the backgrounds are estimated using MC and vali- 
dated in dedicated control regions requiring one muon. 
No significant deviations are found and gluino masses 
below 520 GeV (680 GeV under the assumption that 
mq = 2 • TOg) are excluded at 95% CL in a CMSSM 
model with tan f3 — 10, Aq — and /i > 0. 

CMS carried out as well a series of searches aim- 
ing at the same signature but with a special focus 
on topological variables to discriminate against back- 
grounds. In the following, two of them are described: 
ar and Razor fl^ searches. The ar variable [H] 
is defined as the ratio between the pt of the second 
leading jet and the transverse mass between the first 
two leading jets. In back-to-back topologies, such as 
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Squark-gluino-neutralino model, m(x°) = GeV 
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FIG. 1: ATLAS 95% CL limits on gluino and squark 
masses derived from the search without leptons in a sim- 
plified model containing only gluinos, squarks from the 
first and second generation and a massless LSP. Previous 
limits are also shown for reference. 



QCD multijct production, this ratio shows a strong 
cutoff at 0.5, providing a good handle to discriminate 
against this type of background. In the case of more 
than two jets in the event, the two-jet topology is 
achieved by clustering all the jets that are relatively 
close in pseudo-rapidity and azimuthal distance, us- 
ing a dedicated algorithm. The CMS analysis uses 
1.1 fb~^of data and the fact that i?ar, the ratio be- 
tween events with ar > 0.55 and ar < 0.55, is flat 
versus Ht for the SM background. This information 
is exploited, together with some data-driven predic- 
tions, in a global likelihood fit. The experiment uses 
multiple Ht bins to maximize the sensitivity and good 
agreement between data and expectations is found in 
all of them. This result significantly extends the pre- 
vious limits produced with only 35 pb"""^ of data and 
are interpreted in a CMSSM benchmark scenario of 
tan/3 = 10, fi > and = 0, as shown in Figure [2] 
together with other results from different searches. 

The Razor quantity [TS] is also exploited by CMS in 
a dedicated analysis with 35 pb~"'^of data. This search 
clusters the jets until a dijet topology is obtained and 
then the system is boosted back to the center-of-mass 
frame. The Af/j quantity is defined to be the momen- 
tum of the jets in this system, where both jets are 
equal in momentum since the pair produced SUSY 
particles are of the same mass. This variable is de- 
fined only from energy and z-momentum components 
and has the property to peak at the mass difference 
between the produced particles and the invisible par- 
ticles that escape detection, with a width that relates 
to the initial boost from radiation. In this way, the 
traditional search looking for an excess at the tails of 




mg (GeV/c^) 



FIG. 2: CMS 95% CL exclusion limits from many differ- 
ent searches in a CMSSM scenario with tan /3 = 10, ^ > 
and Ao — 0. 

some kinematic distributions can be converted into a 
bump-hunting search. The transverse version of this 
quantity, Mut, is also defined and enters into the ra- 
zor variable definition, R = Mh/Mut- In this way, R 
is dimensionless and combines longitudinal and trans- 
verse information. The analysis performs a fit to eval- 
uate the different backgrounds using some ansatz de- 
fined at dedicated control regions. The signal region 
is defined as i? > 0.5 and Mr > 500 GeV and 5.5 ±1.4 
events are expected, which is in agreement with the 7 
events observed. 



B. Searches with One Lepton 

Requiring the presence of at least one lepton in 
the event reduces the yield of some type of back- 
ground processes, like QCD multijet production, and 
makes the analysis sensitive to SUSY cascade decays 
involving leptons. ATLAS developed a search with 
1.04 fb~^ [TB] of data in which four signal regions 
are defined with three or four jets in the final state 
and with different kinematic thresholds in order to in- 
crease the sensitivity to a generic set of models. The 
transverse mass between the lepton and the E^^^^ to- 
gether with the TTicff quantity, now with the lepton in- 
cluded in the definition, are exploited to increase sen- 
sitivity. The QCD multijet contribution is assessed 
in a completely data-driven manner using a matrix 
method [T7]. The rest of SM backgrounds are pre- 
dicted using MC normalized to data in dedicated con- 
trol regions and multiplied by a MC-driven transfer 
factor to estimate the corresponding contribution in 
the signal region. The different results and their un- 
certainties are finally combined in an overall likeli- 
hood fit and found to be compatible with the observed 
number of events. These null results are interpreted 
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in different models, such as the one shown in Fig- 
ure [I where 95% CL limit s are derived in a simplified 
topology where only the gluino, the LSP and an in- 
termediate chargino are relevant. The colored scale 
indicates cross sections excluded for any beyond SM 
process with similar topology and the lines indicate 
the expected and observed exclusions in the MSSM 
case. CMS has also recently released a one-lepton 
analysis [TH] with 1.1 fb^^of data in which no devi- 
ation from SM expectations is found and these results 
are interpreted in the context of CMSSM, as shown in 
Figure [2] 




FIG. 3: ATLAS excluded cross sections at 95% CL 
with a dedicated one-lepton analysis for processes in which 
gluinos are pair-produced and each of them decays into a 
quark and chargino, subsequently producing a real or vir- 
tual W and the LSP. The chargino is imposed to have a 

mass exactly at x = {m.± — mi,sp)/{mg — rriLSp) ~ 1/2. 
^1 

The solid and dashed lines are the exclusion limits when 
the MSSM scenario is considered. 



C. Searches with Two Leptons 

Searches with two identified leptons in the final 
state are also sensitive to strong production processes. 
Different cases depending on whether the leptons have 
opposite sign (OS), same sign (SS), different flavor 
(DF), same flavor (SF) or combinations like OSSF can 
be addressed and lead to different background estima- 
tion techniques. 

CDF developed a SS dilepton analysis [19 , us- 
ing 6.1 fb~"'^of data, aiming at squark or gluino 
pair-production with an intermediate neutralino and 
chargino decaying via a real or virtual W or Z boson. 
Backgrounds yields are dominated by processes con- 
taining real leptons (dibosons) and lepton misidentifi- 
cation from jets (M^-|-jet and tt) or conversions {Z/j* 
and tt). No deviations from the SM expectations are 
found. 

CMS also developed a SS dilepton analysis with a 
null result using 0.98 fb~^ [501 of integrated luminos- 



ity. In this case, different flavor combinations (in- 
cluding taus) are considered together with several pt, 
iJx and E^^^^ thresholds. For each of the cases, a 
dedicated data-driven technique is used to estimate 
the different background contributions. The results 
are interpreted in terms of limits in the CMSSM sce- 
nario, as shown in Figure [2j 

CMS has also released results with 0.98 fb~^of inte- 
grated luminosity in a dilepton OS channel using two 
different approaches [H]. The first one investigates 
the presence of an excess in the OSSF combination. 
In SUSY, cascades such as X2 ^ ^ ^^Xi are ex- 
pected and the invariant mass of the OSSF leptons 
produced in this way would form a characteristic kine- 
matic edge that relates to the mass difference between 
the SUSY particles. Thus, unbinned maximum likeli- 
hood fits are performed in control and signal regions, 
defined respectively as 100 < Ht < 300 GeV and 
Ht > 300 GeV. As shown in Figure |4j good agree- 
ment with the expectation is observed. The other ap- 
proach follows a canonical counting experiment with 
two different signal regions defined at high Elf^^^ or 
Ht and with three different data-driven methods to 
estimate the backgrounds. Good agreement between 
observed and expected yields in all cases is found and 
limits are also derived in the context of CMSSM, as 
shown in Figure |2] 

ATLAS has also recently released results for OS, 
SS and OSSF dilepton combinations with 1 fb~^P^ 
of data. For OS (SS) analyses, three (two) signal re- 
gions are defined, with at least one of them requiring 
large E™^^^ and no jet requirement. For the OSSF, 
an excess of SF over DF is tested over a background- 
only hypothesis calculated with pseudo-experiments 
and taking into account the different uncertainties. In 
all cases, no excess is observed with respect to the SM 
expectations. 

D. Searches with Multiple Leptons 

Analyses requiring three leptons in the final state 
are particularly sensitive to production of uncolored 
particles such as a chargino and neutralino, which 
may decay via virtual W ot Z bosons or via sleptons, 
if it is kinematically allowed. SM backgrounds pro- 
ducing three leptons in the final state and significant 
E^^^^ are small and mostly reduce to diboson produc- 
tion and ti with a lepton from a semi-leptonic decay 
of a b-jet. This final state has been considered as the 
golden signature for SUSY searches at the Tevatron 
due to the particularly favorable signal-to-background 
ratio. Thus, despite the fact that with a data sample 
- 1 fl3"^ the LHC may become as powerful as the 
Tevatron soon, the current most sensitive searches for 
these processes have been performed at CDF and D0. 

D0 developed a search with 2.3 fb~^of integrated 
luminosity in four different channels by combining 
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FIG. 4: Results of the maximum likelihood fit to the dilep- 
ton mass distribution for events in the CMS OSSF signal 
region. 



electrons and muons with an isolated track and 
taus '53'. The trigger performance establishes the 
minimum possible threshold of the objects: pT > 
(12,8) GeV for two-lepton triggers and 15 GeV for 
single muon trigger, needed for the tau case. Two dif- 
ferent pt selections per channel are implemented. An 
extensive set of cuts exploiting kinematic information 
such as invariant masses, H^, angular distributions, 
etc. are applied in each of the different channels, aim- 
ing at reducing the dominant backgrounds. No sig- 
nificant deviation from the background expectation is 
observed in any of the selections. 



HH+track (Z veto, MET>15 GeV, N(|ets)<2) 



CDF Run II Preliminary (L::5.8 fb ') 
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FIG. 5: Distribution of E^^^^ in one of the signal regions 
of the CDF analysis with two muons and a track. 

CDF updated recently [23] their previous study on 
trileptons by considering 5.8 fb~"'^of data and eight 
different exclusive channels, combining two electrons 
or two muons with a third object that could be an 
electron, a muon, a tau or a track in ranges be- 



tween 5 and 20 GeV. In order to control the descrip- 
tion of the different backgrounds, mostly dominated 
by Drell-Yan with a misidentified jet, 24 (40) control 
regions were defined in the dilepton and track (trilep- 
ton) case. As shown in Figure [s] for the case of dimuon 
and track selection, no significant deviation from SM 
expectations is observed. CDF excludes at 95% CL 
chargino mass below 168 GeV in a CMSSM scenario 
with TOo=60 GeV, tan/3 = 3, Ao = and /i > 0. This 
limit is similar to the one obtained by D0. 



E. Searches with b-jet Tagging 

SUSY particles of the third generation, such as the 
stop, the sbottom or the stau, could have significantly 
lower masses than the rest of the SUSY particles due 
to the mixing between the weak left- and right-handed 
eigenstates. 

Searches for the direct production of sbottoms at 
CDF, using 2.65 fb"^ of data, and D0, using 
5.2 fb^^ 26J of data, focus on the simplified case 
of & — >■ b + Xi- The final state signature of two b- 
jets and E<f^^^ is exploited by requiring one or two 
6-tagged jets, a lepton veto and some dedicated kine- 
matic variables to reduce the top and QCD multijet 
backgrounds. One loose and one tight selections are 
imposed in both experiments in order to enhance the 
sensitivity to different b — xi mass differences. Since 
no deviations from expectations are observed, sbot- 
tom masses between approximately 230 and 250 GeV 
are excluded when the LSP mass is below 70 GcV. 

D0 recently published a search for direct stop pro- 
duction with 5.4 fb~^ "17] of integrated luminosity. 
The stop can decay in many different final states de- 
pending on its own mass and that of other SUSY par- 
ticles such as charginos, neutralinos and sleptons. In 
this analysis, the targeted scenario is a decay via a 
sneutrino: tt — ^ {bei>)(bfii'). The main backgrounds 
for OSDF dileptons are Z -> tt, dibosons and dilep- 
tonic top. A discriminant using a linear combination 
of different variables is built and two selections op- 
timized for small and large stop-sneutrino mass dif- 
ferences are considered. Since data is found to be in 
agreement with the SM, limits on the stop mass as 
a function of the sneutrino mass are derived, signif- 
icantly extending the previous results, as shown in 
Figure [6j 

Similarly to the situation in direct gaugino produc- 
tion searches, with a dataset of 1 fb^^, the LHC is 
not yet as sensitive as the Tevatron in searches for 
direct production of third generation particles. In- 
stead, ATLAS developed an analysis with 0.83 fb~^of 
integrated luminosity targeting gluino-mediated pro- 
duction of sbottom, which has a larger cross section 
and provides a striking signature of four 6-jets and 



TTTniSS 



The gluino is assumed to decay via on-shell 
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or ofF-shell sbottom to the LSP and all other SUSY 
particles are assumed to be decoupled. Four different 
signal regions are defined requiring either one or two 
^-tagged jets and mes thresholds of 500 or 700 GeV. A 
lepton veto is also applied and the QCD multijet back- 
ground is determined fully data-driven, as in the AT- 
LAS search without leptons described in Section [II A[ 
Other SM backgrounds are evaluated using MC and 
validated with semi data-driven estimations by requir- 
ing one lepton. No significant deviations are observed 
and these null results are interpreted in different the- 
oretical models. Figure [7| shows the extension of the 
limits with respect to the Tevatron and the previous 
ATLAS results with only 35 pb~"'^of integrated lumi- 
nosity, in the scenario in which the ghiino is heavier 
than the sbottom and all the other SUSY particles are 
set at a higher scale except for the neutralino, which 
has a mass of 60 GeV. 



j-g + b,-b, production, b+x° J L dt ^ 0.83 fb',Vs^7 TeV 
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FIG. 7: Exclusion limits at 95% CL in the gluino-sbottom 
mass plane for the ATLAS gluino-mediated sbottom pro- 
duction analysis. Here, the neutralino mass is set to 
60 GeV and other limits are shown for reference, including 
the direct sbottom constraints from Tevatron in the same 
scenario. 
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FIG. 6: Observed and expected 95% CL exclusion regions 
on the scalar top mass for different sneutrino mass values 
in the direct stop search performed by D0. The shaded 
band around the expected limit shows the effects of the 
scalar top quark pair production cross section uncertainty. 
Other limits from previous analyses are also shown for 
reference. 

In addition, ATLAS performed a gluino-mediated 
stop search with 1.03 fb~^ [25] of integrated luminos- 
ity. In this case, the gluino is forced to decay to the 
LSP via an on-shell or off-shell stop. In the former 
case, the stop decays into bxf or txi, depending on 
the mass. The search is performed requiring four jets, 
one lepton and at least one 6-tagged jet, as well as 
large iJ™'^^, rrieff and transverse mass between lepton 
and E™^^^. The SM expectation is estimated via fully 
or semi data-driven techniques to be 54.9 ± 13.6 and 
74 events are observed in data. Gluino masses are 
excluded approximately below 500 GeV with a small 
dependence on the stop mass. 



F. Searches with Photons 

One of the most favorable SUSY models with pho- 
tons in the final state is GMSB [B]. In this model, 
SUSY particles acquire masses via gauge interactions, 
which are proportional to the breaking scale A. In 
this context, the gravitino is always the LSP and dif- 
ferent types of next-to-LSP (NLSP) can be consid- 
ered. In the case of a Xi NLSP being mostly bino^, 
the predominant decay is to a photon and a gravitino, 
yielding a diphoton and E^^^^ signature. Backgrounds 
to this signature can be classified in QCD "instru- 
mental" (mainly from diphoton, photon-j-jet and dijet 
productions), electroweak "genuine" (7 -I- (W — )■ ev)) 
and irreducible backgrounds {{Z — >■ vv) + 77 and 
{W — ?> Iv) +77). The two former backgrounds can be 
treated using data-driven techniques and the latter is 
usually small and assessed using MC predictions. 

All four experiments performed a search for this fi- 
nal state using very similar techniques and reported 
null results. Tevatron searches were focused on 
the GMSB SPSS scenario [SU], which is dominated 
by gaugino pair production. D0, with 6.3 fb~^of 
data, excluded Xi masses below 175 GeV [31] and 
CDF, with a smaller dataset of 2.6 fb~^, constrained 
the NLSP masses also as a function of the NLSP 
lifetime [35] • Since the LHC is more sensitive to 
strong production, experiments targeted the Gener- 
alized Gauge Mediated (GGM) model [33], in which 
the constraints at the GUT scale have been relaxed to 
allow for almost arbitrary values of squark and gluino 
masses. Both ATLAS [34] and CMS [35], with ap- 
proximately 1 fb^^of data, excluded squarks (gluino) 



^ The SUSY partner of the U(l) gauge boson 
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FIG. 9: Invariant mass of final states for different SM 
processes and two signal samples used for reference in the 
D0 Stan neutrino search. 



FIG. 8: ATLAS expected and observed 95% CL upper 
limits on the SPSS production cross section as a function 
of A and the lightest chargino and neutralino masses. 



masses below - 700 (- 800 - 900) GeV, when as- 
suming all other SUSY particles at higher scales. In 
addition, as shown in Figure [8| ATLAS produced for 
the first time exclusion limits in the SPSS scenario 
that extend D0 limits by ^ 30 GeV in the x? mass. 



III. RPV ANALYSES 

i?-parity violating terms in the SUSY lagrangian 
are strongly constrained by experimental limits (e.g. 
proton lifetime) [8]. Experiments usually assume all 
couplings to be zero except the less constrained cou- 
plings, such as X'^ii and A312, where indices refer to 
the family and couplings are described in the super- 
potential as XijkLiLjEk + X'^ji^LiQjDk. Searches in 
RPV scenarios focus on finding a resonance produced 
by the decay of the SUSY particles to SM particles. 



plementarity between the different experiments since 
D0 is more competitive at lower masses whereas it is 
limited at higher masses, which is the region in which 
ATLAS is more sensitive. 



10" 



10-^ 



10-^^ 



(b) 
ATLAS 



Ldt = 1 .07 fb 




200 



400 



600 



800 



1000 



= 0.07 (ATLAS 2011 data) : 
= 0.05 (ATLAS 2011 data) - 
= 0.01 (ATLAS 2011 data) 
= 0.07 (ATLAS 2010 data) - 
= 0.07 (DO@Tevatron) 

= 

1200 1400 

m, [GeV] 



FIG. 10: Upper 95% CL limits on the A311 coupling as a 
function of Vr mass for three values of A312. Regions above 
the curves are excluded by either ATLAS or D0 scalar tau 
neutrino searches. 



Searches for Scalar Tau Neutrino 



A search for RPV scalar tau neutrino decaying to 
an electron and a muon was carried out in D0 us- 
ing a data sample of 5.3 fb~^ [36]. After some cuts 
to require exactly one electron and muon and to re- 
duce the jet fake contamination, no evidence of a mass 
resonance peak is found, as shown in Figure [9j A sim- 
ilar analysis but requiring opposite sign leptons and 
some different background techniques was performed 
by ATLAS with 0.87 fb"^ of data [37]. No devia- 
tion from SM was found and limits are translated in a 
plane oii>T- production coupling (X'^m) against i>T mass 
for different decay coupling (A312) values, as shown in 
Figure |10[ These limits exemplify the current com- 



B. Searches for Jet Resonances 

Both CDF (with 3.2 fb-^of data) fSH" and CMS 
(with 35 pb^^of data) ,39^ collaborations performed a 
search for gluino pair production decaying into three 
jets. The search for two 3-jet resonances in a 6 jet 
final state is performed by exploiting the kinematic 
relationship between the jet triplet scalar px and the 
invariant mass of the three jets. In this way, the exper- 
iments manage to reduce the combinatorics and reject 
the QCD multijet backgrounds, as shown in Figure [TT] 
The complementarity between the experiments allows 
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to fully cover a mass range from 77 to 500 GcV. With 
this technique, CDF excludes RPV gluino masses be- 
low 144 GeV (a 2 cr excess is found around the top 
mass) and CMS excludes gluino masses between 200 
and 280 GeV (a 1.9 cr excess is found at 380 GeV). 



CMS Simulation \ls = 7 TeV 




FIG. 11: Simulated triplet jet invariant mass versus the 
triplet scalar pt of all possible combinations for a 250 GeV 
gluino mass. All triplets falling to the right of the red 
dashed line pass the final selection. In the inset, the com- 
binations before and after the selection are shown. 



duced and the most probable scenarios predicted by 
electroweak precision tests are now excluded or under 
some constraints after the new stringent limits. The 
question whether SUSY really exists or whether it is 
within the reach of the current collider experiments is 
becoming more relevant. 

One of the great virtues of SUSY is the stabilization 
of the electroweak sector. The radiative corrections to 
the Higgs mass need of a relatively low stop mass in 
order to avoid too much fine tuning. This also means 
that gluino masses should be relatively light, since 
they contribute to the stop mass corrections. Thus, 
in order to preserve naturalness arguments for SUSY, 
two main scenarios can be envisioned: one is the exis- 
tence of heavy squarks, intermediate gluino and light 
stop and gauginos, and the other is the presence of 
a SUSY spectrum compressed into a narrow range of 
masses, which would evade the current searches at col- 
liders and would also mean that the SUSY breaking 
scale resides at relatively low energies. Both scenar- 
ios are still possible and will probably determine the 
roadmap of the searches in the coming years, at least 
until the LHC is able to reach the nominal 14 TeV 
center-of-mass energy and provide a more conclusive 
answer to the current open questions in our under- 
standing of the universe. 



IV. SUMMARY AND OUTLOOK 



Searches for supersymmetry have been carried out 
at the Tevatron and the LHC colliders. Thanks to 
the complementarity between machines, many differ- 
ent final states and mass ranges have been carefully 
scrutinized. Since no significant deviations from the 
SM predictions have been found, the vast parameter 
space available for SUSY has been substantially re- 
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